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PROBLEM TO BE SOLVED: To provide a method of 
easily manufacturing a nanotube probe in a short 
time . 

SOLUTION : When the alternating current voltage is 

applied between a holder 10 having a sharp end 11 
and an opposed electrode 12, electric lines of force 
connecting both the electrodes 10 and 12 is 
concentrated to the sharp end 11. In this condition, 
the liquid (migration liquid) 13 including nano tubes 
is interposed between the sharp end 11 of the holder 

10 and the opposite electrode 12 so that the 
nanotubes are orientated along the electric lines of 
force in the longitudinal direction thereof. 
Multiple nanotubes are concentrated to the sharp end 

11 of the holder 10, to which the electric power 
line is concentrated, and a part thereof is adhered 
to the sharp end 11 of the holder 10. The adhered 
nanotube 14 is fixed to the sharp end 11 of the 
holder 10 by the Van der Vaals force. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to t he probe (pro be) used for scanning probe mold microscopes, such as 
a scanning tunneling microscope (Scanning Tunneling Microscope; STM) and an atomic fo rce microscope (Atomic 
Force Mi croscopeiAFM l or the nano operating set (Atomic/Molecular Manipulator) which operates the front face of 
the matter by the atomic unit. 
[0002] 

[Description of the Prior Art] Although STM and AFM have come to be widely used as equipment which obtains the 
real space image of a high resolution, one of the most important components of those is a probe (probe). Since these 
microscopes are what detects surface description according to the tunnel current of the tip of a probe, and the front face 
of an object, or the force between atoms, the quality at the tip influences the resolution of an image. 
[0003] thejn etal wir e which carried out chemistry dirty [ of the tip ] keenly as this probe by STM as which 
conductivity is required — or only the cut-off metal wire which only sandwiched and came out of is use d. Moreove r, in 
AFM as which conductivity is not required, th s_eyramid of the jilicon produ ced by micro processing oi*sUicon nitnd^ 
i sjused we ll. Although the tip of a probe has about dozens of nm breadth in both cases, it is because it is inadeTnTKe 
location with the by chance sufficient convenience of the projection of an atomic scale in a tip with breadth that the 
resolution of subnano meter order is obtained also at such the dull tip and it serves as main points of contact on the 
front face of a sample. However, even when such a projection exists, the size, a form, and a presentation are not known 
at all, and it is said that it changes well also during a scan. 

[0004] Then, the proposal of using a carbon nanotube as a probe was made (Nature, 384 (1996), p. 147) ^ A carb on 
nano tube is a tub e formed with network-like graphite mold carbon, and has the single Wall type which Ts a monolayer 
wall, and a multiple Wall type with a multilayer wall. Although each die length is about several micrometers from 
dozens of nm, to being 0.4-5nm, a multiple Wall type thing is as large as 2-50nm, and, as for a diameter, single Wall 
type things differ. However, if the nanotube which has an aspect ratio high in this way anyway is used as a probe, the 
tip sharper than the above-mentioned conventional probe for whether your being Haruka can be obtained. Like as a 
result (a), for example, drawing 5 , by the probe of the conventional pyramid mold, as the steep surface irregularity 
which cannot be traced enough is also shown in this drawing (b), it can detect now with a sufficient precision. 
Moreover, when a conductive carbon nanotube like a multiple Wall type is used, it can be used for the both sides of 
STM and AFM as a probe. 

[0005] Since a carbon nanotube is small in this way, diffic ulty follows this on actually fixing at the tip of a probe. 
Although the approach for fixing a carbon nanotube to a holder is indicated by JP,2000-227435,A and JP,2000- 
2497 12, A, all fix to an electrode holder the thing (NT bundle) which made one nanotube in it two or more nanotubes 
project in a bundle by the coating film. It considers forming as coating film by the carbon film and CVD (the chemistry 
gaseous-phase depositing method) on which the suspension carbon matter is made to deposit with an electron beam, 
PVD (physical vapor deposition), etc. 
[0006] 

[Problem(s) to be Solved by the Invention] The concrete approach which fix es a nanotub e to an electrode holder is 
indicated as follows by above-mentioned JP,2000-227435,A (claim 10 of this official report). An electrical potential 
difference is impressed between the electrode 42 in the electrophoresis liquid 41 which distributed the carbon nanotube, 
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and 43 ( drawing 4 (a)), and a nanotube 44 is made to adhere to an electrode 42 in the shape of a protrusion (the 1st 
process.). This drawing (b). Thus, microscopic approach of the electrode 42 and electrode holder 45 to which the 
nanotube 44 was made to adhere in the shape of a protrusion is carried out (this drawing (c)), and after the point of a 
nanotube 44 has projected, a nanotube 44 is transferred to an electrode holder 45 so that the end face section may 
adhere to an electrode-holder side (the 2nd process). Coating processing of the necessary field which contains the end 
face section of the nanotube 44 adhering to an electrode-holder side at least is carried out. With this coating film, a 
nanotube fixes in an electrode holder (the 3rd process). 

[0007] It is supposed that in addition, the 3rd process of the above will carry out welding of the end face section of a 
nanotube to an electrode holder by JP,2000-249712,A by "a current being passed between a nanotube and an electrode 
holder and welding of the end face section being carried out to an electrode holder" (claim 9) or "electron beam 
exposure" (claim 10). 

[0008] However, also in any, it considers as what "is operated, real -observing within an electron microscope" at the 
2nd process to which an electrode holder 45 is made to transfer a nanotube 44 (both official reports claim 1 1 and 
[0042] - [0044]). What the tip of a nanotube and the tip of an electrode holder are actually compared for in three 
dimension within an electron microscope in this way since it is a microscopic thing of [ the aforementioned passage / 
nanotube ] lnm or less to dozens of nm in a size ( drawing 4 (c)) is very difficult, and a craftsman-technique is needed, 
namely, - the conventional approach — anyone - although - in order to be unable to say that a probe is manufactured 
easily and to produce one probe, there was a fault of taking very long time amount. 

[0009] The place which accomplishes this invention in order to solve such a technical problem, and is made into the 
purpose is a short time easily, and is to offer the approach that the probe which has a nanotube^at a tip can be 
manufactured. w ~ 
[0010] 

[Means for Solving the Problem] Th ejnanufa cture approach of the nanotj ibe probe concer ning this invention 
accomplished ^ order to so lve the above-mentioned technical problem f&es jy ianot uBe at thg jip of this o f an electrode 
h older by ma king the migra tion liquid c ontainin g a nanotube intervene between the electrode holders and 
counterelectrodes which have a tip, and impi^ssingJrSitenhined alternating voltag e to it. 
[0011] " 

[Embodiment of the Invention] If an electri^aL^LOtential difference is impressed between an electrode holder and a 
counterelectrode, the line of electric force to which two electrodes are connected w ill focus at th e tip o f an elect rode 
holder. By making the liq uid (migration liq uid) 13 containing a nanotub e intervene between the tip 1 1 of an electrode 
holder 10, and a counterelectrode 12 in this condition, as shown in drawing 1 , orientation of the nanotube is carried out 
so that that longitudinal direction may meet line of electric force. And m any nanotube s focus at t he tigT frof the 
electrode jiplder 10 which line of electric force concentrates. Some of these nanotubes 14 adhere at the tip 1 1 of an 
electrode holder 10, as shown in drawing 2 (a). As shown in this drawing (b), two or more nanotubes 14 may adhere, 
but since in many cases any one nanotube projects most and adheres, it c an be used as a t ip of a probe. What is 
necessary is just to eliminate it by inspection, if there are some which adhered temporarily so that two or more 
nanotubes might project to the almost same die length. 

[0012] The adhering nanotube 14 is fixed at the tip 1 1 of an electrode holder 10 by the yan der Waals (Van der Vaals) 
force. Since a nanotube 14 has the small path as mentioned above, this iixed force is \t^stro3g and it does not need 
any adhesion means. After immobilization of this nanotube 14 makes migration liquid 13 intervene, it is performed in 
abo utseveral m inutes. Therefore, several minutes after mal ting migrati on liqui< 113 interve ne between [ 10 and 12 ] two 
electrodesjite probe^ywhich the nanotube 14 was fixed at the tip 1 1 of an electrode holder 10 is obtained by" pulling 
up an ^lectrode cfiqlder lJHro m migratjoniig uid 13. ' 
[0013] As an electrode hold er 10, th^yraynl^bf th gjnetal wire c onventionall y used a s,probes. such as STM and AFM, 
silicon, oi c sni£onj^^ although it can be used a gjt isj n the case of a metal w ire - silicon and silicon 

nitride - like ~ the case of a non -conducto r or a semi-conductor - beforehand -^GV^^PVp, e tc. - aj ront face - a 
^nductfr it^^>y£i§_byjilm (a ifretaLmemESme, carbon film, etc,)^Tna3clition, it is good also considering the 
<Intil£\^ itself used-hyjoonyentional STM, conventifindAFM, etc. as an electr ode holder. 
[0014] According to the experiment of this invention person, it is necessary to consider the electrical potential 
difference impressed between the tip 1 1 of an electrode holder 10, and a counterelectrode 12 as an alternating current. 
Moreover, as for the frequency, it is desirable that it is l-20MHz. Although it is necessary to set up themagnitude of an 
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electrical potential difference suitablya ccording to the distance bet ween the tip 1 1 of an electrode holder 10, and a 
counterelectrode 12, when the^Uicon^pyra&d (wha t covered the nfetal mem brapS^ usually used as a probe by itself is 
used as an electrode holder 10 for example, and distance between the tip~Tl and counterelectrode 12 is set to 30 
micrometers, the electrical potential difference is m ade into abouL l V, 

[0015] Especially abouyh_liquid (migration liquid) 13 conta ining^ano tub^ the l iquid whk h-is not limited and is 
used generally [ a ifiSWiol^SandJ^tc. ] can"5eused. 

[0016] Although various approaches can be taken to define th e distance between an electrode holder 10 and a 
counterelectrode 12, AFM equipment can be used as an example. That is, after bringing close to the distance in which 
the force between atoms once commits the tip 1 1 and counterelectrode 12 of an electrode holder 10, an exact distance 
between both can be defined by the approach of detaching only a predetermined distance. 

[0017] ****** [ liquid ] before impressing an electrical potential difference after it may introduce it before migration 
liquid defines the distance between the tip 11 of an electrode holder 10, and a counterelectrode 12, and it defines 
distance. Furthermore, installation of only the liquid of migration liquid and an injection of the nanotube to the liquid 
may be separated in time. 

[0018] The distance between the tip 1 1 of an electrode holder 10 and a counterelectrode 12 is specifically, for example, 
first, defined, both are stationed, and after impressing an electrical potential difference, the migration liquid containing 
a nanotube is slushed. Or after defining distance, only liquid is slushed, and a nanotube is fed into liquid after 
impressing an electrical potential difference. Furthermore, a nanatubejuay-B e thro wn_in after defining the distance 
hefwegn_hnth wher^_the f \\p an(l mnntftrelertrnHp 12 of an electrode holder 10 ara Csoake ?L and impressing an electrical 
potential difference into liquid. 
[0019] 4 

[Effect of the Invention] A very easy and setup required for a sho rt time canbe performed without the approach 
concerning this invention taking any skill and time amount, in order tor whafis necessary to be to make an electrode 
holder and another electrode counter and to detach only the distance according to applied voltage. 
[0020] Since the points that this inventio n is excellent are th e abo ve approac hes, I hear that they can perform the above- 
mentioned actuat ion at once to ma ny^ gjgctf ode holjfers, and there are. Namely, the thing made for the migration liquid 
which distrib uted the nan otube to i ntervene amo ng both in the condition of having used the counterelectrode as the 
plate electrode 22, having countered abbreviation same distance and having arranged the<^^2poflw<>er more 
electrodeit olders 20 to a plate electrod _22 as s hown in drawing 3 (or) By impressing an electrical potential difference 
in the condition of having made migra tion liquid inter vening, a n anotube is fix able at th ose tij)§2T >t o nce to tw o or 
more eleOradsiiQldeis-20. Thereby, n ^ssLBroducfi^ i method of aerobe is attained. — — 
[002 1] In add ition, the approach concerning this invention can be applied by some or all of the carbon atom besides the 
G^Soinano^e most generally at present used also to a BCN nanotube, BN nanotube, etc. which replaced boron (B) 
anJnflxogen (N). 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the nanotube probe characterized by fixing a nanotube at the tip of this of an 
electrode holder by making the liquid containing a nanotube intervene between the electrode holders and 
counterelectrodes which have a tip, and impressing predetermined alternating voltage to it. 

[Claim 2] The manufacture approach of the nanotube probe according to claim 1 which uses a counterelectrode as a 
plate electrode and is characterized by countering abbreviation same distance and arranging the tip of two or more 
electrode holders to a plate electrode. 

[Claim 3] The manufacture approach of the nanotube probe according to claim 1 or 2 characterized by a nanotube 
being a carbon nanotube. 

[Claim 4] the electrode holder which has a tip - a front face - a conductor it covered by the film - un— the 
manufacture approach of the nanotube probe according to claim 1 to 3 characterized by consisting of a conductor or a 
semi-conductor. 

[Claim 5] The manufacture approach of the nanotube probe according to claim 1 to 3 which uses a conductive 
cantilever as the above-mentioned electrode holder. 



[Translation done] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The side elevation showing an example of the embodiment of this invention. 

[Drawing 2] The side elevation showing the condition at the tip of the probe manufactured by the approach concerning 
this invention. 

[Drawing 3] The perspective view showing the concept of the mass-production-method approach of the nanotube probe 
performed using the approach concerning this invention. 

[Drawing 4] Process drawing showing the manufacture approach of the conventional nanotube probe. 
[Drawing 5] The explanatory view showing the difference in detection actuation with a pyramid mold probe and a 
nanotube probe. 
[Description of Notations] 

10 20 - Electrode holder 

1 1 21 - Tip of an electrode holder 

12 — Counterelectrode 

22 — Monotonous counterelectrode 

13 - Nanotube migration liquid 

14 - Nanotube 



[Translation done.] 
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